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This paper gives an extensive review of various studies on 
automatic speech recognition (ASR) technology used to facilitate 
people with dyslexia in acquiring basic literacy skill . The paper 
delineates how the technology can help children to improve their 
abilities in reading, spelling, and writing. These basic skills 
require a person to be aware of the phonological aspect of a 
language. Unfortunately, phonological awareness is a major 
problem for people with dyslexia. Therefore, ASR technology is 
seen to have enhanced their phonological awareness ability by 
providing multi-sensory experience and thus improves the 
essential skills needed in education. This paper also outlines a few 
problems of using current available ASR tools to cater for the 
needs of dyslexic children to improve their academic 
performances. 
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1. INTRODUCTION 
Dyslexia is a condition which causes people to have difficulties in 
basic literacy skills such as reading, spelling, and writing. The 
International Dyslexia Association (IDA) defines it as a 
neurological learning disability that affected the ability to 
accurately or fluently recognize words and have poor spelling and 
decoding abilities [1]. Dyslexics, adults and children, have 
problems in reading comprehension as well as reduced reading 
experience that holds back vocabulary and background knowledge 
expansion. According to IDA, these problems are strongly related 
to phonological deficits which are not apparent in other cognitive 
abilities and from general classroom instruction. 
Phonological deficits serve as the major contributor to disability 
in reading, spelling, and writing especially for dyslexic children 
[2, 3]. For these children to succeed in schools, suitable help and 
support should be given so that they are not left behind. 
According to the National Dissemination Center for Children with 
Disabilities, with the right help, children with dyslexia can be 
high achievers in education and life [4]. It is therefore important 
to provide them with intensive classroom instructions or special 
training to enhance their phonological awareness. Traditional 
methods of training such as structured language and multi-sensory 
approach are being used to develop spelling ability and thus ease 
reading process by having dyslexic children to look at a word, say 
it, and write it down [5]. By looking at a word and saying it out 
loud and at the same time try to write the word onto a paper, 
children unconsciously stimulate their brains to be aware of the 
phoneme-grapheme association. 
Phoneme-grapheme association refers to the relationship between 
letter sounds and letters, for example the sound [d] for the letter 
‘d’. To enable phoneme-grapheme association effect, ASR 
technology is the tool that offers multi-sensory exp rience to 
dyslexic children. In fact, this technology has seen to have a 
remediation effect as various studies have showed significant 
improvements in reading while using ASR [6-9]. This is because 
children are required to utter a word and they can see it being 
spelled on computer screen. Despite being a tool to help learning 
disabled children, it could be used to help normal children as well 
[10]. There are two types of ASR, discrete ASR and continuous 
ASR, which give different effects to dyslexic children in language 
development as discussed in the next section. 
2. ASR FOR DYSLEXIC CHILDREN 
ASR technology can be used to support disabled and learning 
disabled in their daily tasks. This technology is apotentially good 
tool for assisting children, especially dyslexics, by training them 
to grasp literacy skills [10]. Conn and McTear [11] suggested 
using ASR to ease dyslexic children as well adults in writing 
process through dictation. Commercially available ASR systems 
such as ViaVoice from IBM and Dragon Naturally Speaking have 
been used by people with disabilities to compensate their writing 
communication. 
Quinlan and Beers [12] reported that ASR tool is suitable for 
writing workshop in that it helps students to write more and 
produce better and longer texts. In other studies, ASR technology 
has been used to facilitate university students in note taking where 
it automatically generate texts from lectures so students can access 
the hardcopy and softcopy of the lectures [13-16]. This project is 




ASR technology in university classrooms. It is aimed at assisting 
the disabled and learning disabled students including dyslexics 
[15]. For dyslexic students, this technology can compensate 
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writing since it can automatically produce notes of a particular 
lecture and thus reduce the writing demand.  
Besides writing through dictation, ASR could help dyslexic 
children in reading and spelling too. As mentioned previously, 
ASR offers multi-sensory experience to dyslexic children that 
help to improve their phonological awareness abilities. This is 
important to ensure the children are able to associate phonemes 
(letter sounds) with its appropriate graphemes (letters). This 
ability will ease spelling and thus affect reading performance. 
Studies have shown that ASR has significantly improve reading 
performance of children diagnosed with dyslexia [6,8]. The 
improvement is made from intensive dictation practice using an 
ASR system. Dyslexic children are required to read aloud texts 
into ASR application and have the words being displayed on the 
computer screen. While reading and looking at the words 
appeared on the screen, children can improve their ability to 
associate the sounds and the correspondence spelling.  
The improvement of reading and spelling abilities is mostly done 
by the correction procedure where children are requi d to select 
the correct word from a choice of similar words offered in a list, 
should they make any mistake. The correction process provides a 
valuable practice in analyzing and discriminating the words in the 
choice list. Through intensive instructional practice of using ASR, 
Higgins [7] concluded that ASR can be used to remediat  reading 
and spelling. 
2.1 Discrete vs. Continuous ASR 
Even though ASR technology give positive impact towards 
reading, spelling, and writing development amongst dyslexic 
children, studies have shown that discrete and continuous ASR 
gave different effects to these children [6, 8]. Table 1 illustrates 
these results. 
Table 1. Discrete vs. Continuous ASR effects 
Abilities Discrete ASR 
Continuous 
ASR 
Word recognition Improved Improved 
Spelling Improved No 




Phoneme-grapheme Improved No 
Memory span Not so much Improved 
 
Discrete ASR involves recognition of words spoken one at a time 
whereas continuous ASR deals with continuous speech, i.e. a 
sentence or sentences that consist of two or more wds spoken at 
one go. Therefore, discrete ASR is more suitable for spelling and 
for younger children because they can see the orthographic 
representation of the spoken word as they pronounce it [8]. 
Discrete ASR gave better measurements towards word 
recognition, spelling, reading comprehension, and phonological 
processing as compared to continuous version.  
On the other hand, continuous ASR increased written output 
generation and memory span of those children. This suggests that 
continuous ASR can compensate writing better due to faster 
production of texts since it does not process one word at a time. 
However, it does not mean that continuous ASR could remediate 
writing in the form of pen and paper (i.e. having the children to 
write on their own). Looking at the technical perspective of ASR, 
discrete system gave better accuracy than continuous ASR [17]. 
3. PHONOLOGICAL DEFICITS IN 
DYSLEXIA 
Phonological insufficiency or phonological deficit oncerns with 
the way in which the brain represents spoken attributes of words 
[5]. Apparently, dyslexics have different representations of the 
attributes and thus lead to reduced phonological awareness 
abilities. In general, the brain recognizes language in a 
hierarchical order where the most upper level deals with 
semantics, syntax, and discourse and the lowest level deals with 
phonemes [2]. For dyslexics, the lowest level is what causes them 
problems in learning to read and spell and even write. They have 
difficulties in deconstructing words into phonemes which leads to 
problem in word recognition. This condition affects the ability to 
comprehend the meaning of the word. 
Since phonological deficits are more significant in children, 
treatment for dyslexic children should focus on training in 
phonological language [2]. A theoretical analysis by Goswami 
[18] stated that dyslexic children, regardless of their languages, 
have phonological deficits at the syllabic or onset-rime levels 
which causes difficulties in the phoneme-grapheme associations 
that affect their reading, spelling, and writing abilities. The affects 
are strongly related to one another since each of te skills requires 
a person to be phonologically aware. Reading and spelling 
involve knowledge of phoneme-grapheme relationship. To write, 
children need to apply the phonological aspect to the letter 
knowledge [19]. Lack of phonological awareness causes dyslexics 
to do mistakes such as repetitions, additions, and transpositions in 
reading and writing (more characteristics of dyslexics can be 
found in [20]).  
Therefore, phonological awareness is of great importance to 
reading, spelling, and writing. Proper help and support could help 
dyslexic children learn the skills. Methods such as phonological 
awareness training (PAT) [21], structured language training and 
multi-sensory approach [22] are being used to help dyslexic to 
compensate their learning disabilities. 
4. USING ASR – CHALLENGES FOR 
DYSLEXIC CHILDREN 
Even though children with dyslexia can benefit from current ASR 
as discussed previously, few challenges arise when usi g the 
technology for enhancing basic literacy skills. The challenges in 
reading, spelling, and writing for dyslexic children using ASR are 
very much related to one another as discussed below. 
4.1 Challenges in Reading and Spelling  
Since one of the impact of dyslexia is reading disabilities, current 
ASR system are not suitable and impractical [11, 17, 23]. This is 
due to the reading demand in training the system before it can be 
used. This process is difficult for dyslexics especially children 
who struggle to read. They will need help from others to read a 
sentence to them and they repeat the sentence into ASR in which 
it limits the independent value of such assistive tools.  
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Although ASR has the ability to enhance reading andspelling, 
standard ASR are not designed and built specifically to cater the 
needs of dyslexic children. For an ASR to be suitable for use by 
dyslexic children, it needs to consider their reading behaviours 
and types of pronunciation. Dyslexic children normally 
unconsciously make repetitions, substitutions, additions, 
transpositions, omissions, and reversal of letters, numbers and/or 
words while reading [20]. Dyslexic children might transpose 
‘buku’ to ‘ukub’ or ‘paku’ to ‘daku’ or even substitute target 
words with other words that are similarly spelled or semantically 
similar (often by guessing). This will definitely leads to a false 
pronunciation and so ASR has to be able to recognize the correct 
word spoken by incorporating the pronunciation model of 
dyslexic children. When dealing with children’s speech, despite 
their oral reading properties, they might also introduce chaff 
words for existing ones in their pronunciations. Nix, Fairweather, 
and Adams [24] and Williams, Nix, and Fairweather [23] gave an 
example of word ‘comfortable’. Since children usually pronounce 
it as ‘comfterble’, they have to include this chaff word so the 
recognition can perform better. They also concluded that the 
acoustic model of ASR for children should include th se for better 
recognition. 
Accuracy is also a problem in ASR since it is not always 100% 
accurate [25]. Recognition of children’s speech is also a 
challenge. Factors that reduce the recognition accur y of speech 
among children are oral reading, background noise, and location 
of the microphone used to capture speech, and the training 
process as discussed earlier [23]. Oral reading amongst children 
has more pauses, omissions, repetitions, insertions, and 
mispronunciations compared to adults or older students. 
Therefore, ASR tracking mechanism should be more flexib e to 
deal with the attributes [24]. They also stated that children’s 
words tend to be shorter and thus more difficult to recognize as 
compared to adults.  
4.2 Challenges in Writing 
ASR technology is also used by dyslexics to compensat  writing. 
It is considered as an advantage for them to ease the writing 
process by producing written communication through dictation 
without having to actually write. The first thing to do is to train 
the ASR system to create user profiles. As mentioned earlier, 
training involves reading certain texts that is a problem for 
dyslexic as discussed. More over, ‘writing’ using ASR requires 
dyslexics to perform corrections and again, this process involves 
reading and spelling too. Programs such as spell chckers are 
helpful but it still requires moderate reading comprehension to 
enable correct selection of words in the correct context [26]. 
Quinlan and Beers [12] reported that ASR does not improve 
revising behaviour among the users due to the difficulty in making 
correction. 
Another challenge for ASR is in automatically generating lecture 
notes from spontaneous speech by lecturers. In the LLP project, 
ASR is the key technology to enable rapid production of texts 
from speech delivered by a lecturer in the classroom. Hence, ASR 
is unsuitable for spontaneous speech recognition because human 
usually speak in incomplete sentences [13]. This imposes a 
challenge in ASR to perform better recognition.  
5. CONCLUSION AND SUGGESTION 
Reading, spelling, and writing are important for children to master 
early. Unfortunately, these skills require the children to be 
phonologically aware. For dyslexic children, this i a major 
challenge due to their disability in phonological awareness. 
However, suitable help from special instructor and use of 
technology might ease the learning to acquire those skills. ASR is 
one potential technology that could help them compensate and 
remediate their conditions. ASR has known to provide multi-
sensory experience for these children to enhance reading and 
spelling as it allows them to see the word on screen as it is being 
pronounced. ASR can also compensate writing for dyslexic 
children. There are two types of ASR – discrete and continuous – 
that gave different effects on reading, spelling, and writing for 
these children.  
Discrete ASR is more suitable for improving reading and spelling 
as it enhance the children’s abilities in word recognition, 
phonological aspects as well as phoneme-grapheme associ tion. 
Continuous ASR, on the other hand, improve memory span and 
provide faster means of speech-to-text transitions. However, a few 
challenges arise for dyslexic children to use standard ASR 
technology such as ASR training, different needs and 
requirements, accuracy issues, and poor recognition n 
spontaneous speech. Due to its potential in remediation of 
dyslexic conditions, a few suggestions need to be taken into 
consideration. For an ASR to be suitable for dyslexic children’s 
use it needs to reduce or eliminate the reading demand in the 
training. Other criteria include using suitable vocabulary, 
incorporating specific dyslexic children’s pronunciation model, 
and including children’s speech into ASR design model for 
dyslexic children. 
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